A novel phenylpropenoyl sulfonic acid, petasiformin-A (1), and a new chlorophyll, petasiphyll-A (2), were isolated from the leaves of Petasites formosanus KITAMURA (Compositae). Their structures were established by spectral and chemical transformation methods. Petasiformin-A (1) showed the significant antioxidative activity in DPPH radical scavenging assay.
Petasites formosanus KITAMURA (Compositae) is a perennial herb and widely distributed in Taiwan on the high altitude mountains. It has been used in folk medicine as an antidote, analgesic, expectorant, and for the treatment of hypertension and snakebite. 1) We have reported the isolation of several bioactive constituents with cytotoxic, antiplatelet aggregation, and radical-scavenging activities from the root and leaves of P. formosanus. [2] [3] [4] [5] In a continuation of our research on the bioactive compounds from this herb, we report herein the isolation and structural elucidation of a novel phenylpropenoyl sulfonic acid and a new chlorophyll from the leaves of P. formosanus along with their antioxidative activity.
Petasiformin-A (1) was obtained as white powder. Its UV absorption maxima at 223 and 287 nm indicated the presence of a cinnamoyl chromophore in the molecule. The IR absorption bands at 3200 and 1700 cm Ϫ1 indicated the presence of a carboxylic acid group. The presence of a sulfonic acid group in the molecule was inferred by a fragment ion -SO 3 H at m/z 81 in FAB-MS and an intense IR absorption at 1049 cm
Ϫ1
. In the aromatic region of the 1 H-NMR spectrum of 1, an ABC type system at d 7.51 (1H, d, Jϭ8.4 Hz), 7.42 (1H, dd, Jϭ8.4, 2.0 Hz) and 7.38 (1H, d, Jϭ2.0 Hz) were attributed to H-5, H-6 and H-2, respectively. The signals at d 7.62 and 6.37 (each 1H, d, Jϭ16.0 Hz) together with the carbon signals at d 146.0 (C-1Ј), 118.3 (C-2Ј) and 170.5 (C-3Ј) indicated the presence of an E-conjugated carboxylic acid moiety in 1. The NOE connectivities from H-1Ј to H-2 and H-6 confirmed the attachment of -CHϭCH-COOH group to C-1 of the aromatic nucleus (Fig. 1) 6) to give dupracine 7) and with C) HCl/MeOH 8) to afforded (E)-dupracine methyl ester 5) from an organic layer. The aqueous layer was added BaCl 2 to give white precipitate (BaSO 4 ). 9) Thus, 1 was identified as 4-Osulfonyl-3-prenyl-p-coumaric acid.
Petasiphyll-A (2) In the DPPH free radical-scavenging assay, 1 showed strong radical-scavenging effect activity with an IC 50 value 0.21 mg/ml. The result was compared with a-tocopherol (aToc), which was commonly used in the food industry as an antioxidant (IC 50 0.15 mg/ml).
12)

Experimental
General Procedure Melting points were measured on a Yanagimoto MP-S3 micro melting point apparatus and are uncorrected. The UV spectra were recorded on a Hitachi UV-3210 spectrophotometer in MeOH solution. The IR spectra were measured on a Shimadzu FTIR-8501 spectrophotometer as KBr disks. The 1 H-NMR (400 MHz) and 13 C-NMR (100 MHz) spectra were recorded on a Varian-400 Unity Plus spectrometer. Chemical shifts are shown in d values with tetramethylsilane as an internal reference. The mass spectra were performed in the FAB (matrix: glycerol) mode on a VG70-250S mass spectrometer.
Plant Material The leaves of Petasites formosanus was collected from Al-Li mountains in Taiwan in August 1992 and verified by Prof. C. S. Kuoh. A voucher specimen was deposited in the Herbarium of National Cheng Kung University, Tainan, Taiwan.
Extraction and Separation The air dried leaves of Petasites formosanus (4.3 kg) was extracted with MeOH (ϫ5) at room temperature, and concentrated to give a deep brown syrup. The crude extract was partitioned between H 2 O and CHCl 3 . The CHCl 3 layer (85 g) was directly chromatographed on a silica gel column by eluting with a gradient of CHCl 3 -Me 2 CO to afford nine fractions. Compound 2 (1.3 mg) was obtained from fraction 4 on column chromatography over silica gel using n-C 6 H 14 -Me 2 CO (6 : 1) as an eluent. The H 2 O soluble layer was partitioned between H 2 O and n-BuOH. A crystalline solid compound 1 (320 mg) obtained from n-BuOH layer which was chromatographed over Sephadex G- 10 Hydrolysis of Petasiformin-A (1) and Detection of the Sulfonic Acid Group Function Compound 1 was hydrolyzed in three methods. Method A: Compound 1 (3 mg) was dissolved in 5 ml pyridine hydrochloride for 12 h at room temperature. Then, H 2 O and CHCl 3 (each 20 ml) were added, and the CHCl 3 layer was washed with H 2 O and then evaporated to dryness. Recrystallization of this residue gave dupracine (2.0 mg). Method B: Compound 1 (3 mg) was incubated with 5 ml pyridine/DMSO (50% v/v) for 12 h at room temperature. Then, H 2 O and CHCl 3 were added, and the CHCl 3 layer was washed with H 2 O and then dried under reduced pressure. The residue was recrystallized by MeOH to give 1.6 mg of dupracine. Method C: Compound 1 (3 mg) was added to 5 ml of 6 N HCl-MeOH Free Radical-Scavenging Activity Assay The effect of isolated compounds on the DPPH radical was estimated according to the method of Yamaguchi et al. 13) with minor modifications. A sample was dissolved in 0.1 ml DMSO and then added to 0.1 ml of 0.1 mM DPPH in ethanol. The mixture was shaken vigorously and allowed to stand for 30 min at room temperature in the dark. The absorbance at 517 nm by DPPH was measured by a m Quant universal microplate spectrophotometer. a-Tocopherol (Sigma Chemical Co.) was used as a standard agent. The capability to scavenge the DPPH radical was calculated using the following equation:
scavenging effect (%)ϭ[1Ϫ(absorbance of sample at 517 nm/absorbance of control at 517 nm)]ϫ100
